This paper studies the integration of the most six largest African stock markets in term of capital using the Wavelet Multiple Correlation (WMC) and the Wavelet Multiple CrossCorrelation (WMCC) proposed by Fernández-Macho (2012). These methods are used to study simultaneously the correlation between several variables at different time scales.
Introduction
In recent decades, stock markets in Africa boomed. This significant increase in financial platforms and the evolution of some of them to international standard show that stock markets are beginning to impact our African economies. These notable advanced of African stock markets have raised the matter of their integration.
The analysis of co-movement between financial markets has gone through many developments especially with the advent of financial crisis. Several authors such as Reinhart and Calvo (1996) are interested in Latin markets, Baig and Goldfain (1998, 2000) in Russian and Brazilian markets and thereafter on Asian markets, Granger and al. (2000) specifically in Asian stock prices.
Chakrabarti and Roll (2002) study the presence of correlation between major world stock markets, Engle and al. (1990) the interdependence between variables at many time scales. This approach is more indicative of financial markets behavior. In world markets co-movement, these methods are illustrated by works such as Fernández-Macho (2012) in Europe, Tiwari and al. (2013) in Asia, Loh (2013) between Asia and the outside, Graham and Nikkinen (2011 ), Graham and al. (2012 , 2013 , Madaleno and Pinho (2012) In our paper, we apply two wavelet methods proposed by Fernández-Macho (2012) , the Wavelet Multiple Correlation and the Wavelet Multiple Cross-Correlation to study the relationship between the 6 most significant African stock markets in term of capital. These methods are advantageous because they permit first to have in two plots, the multiple correlation and multiple cross-correlation within the multivariate set of different time scales for many stock markets, then they protect against type 1 errors and finally permit to avoid spurious correlation obtained from the pair wise correlations within the multivariate set of stock markets. This work follows the same logic than cited above (Collins and Biekpe, 2003a,b; Wang and al., 2003) but is innovative in that to our knowledge is the first analysis in time and frequency even relations between only African stock markets.
The rest of the study is structured as follows. Section 2 reviews a brief literature on wavelet application to stock markets co-movement. Section 3 details the methodology used to inspect the six African stock markets integration. Section 4 examines the data used and empirical results and Section 5 concludes.
Literature Review
Literature on stock markets co-movement using wavelet methods is relatively new.
However, a number of researchers have delved into the area and contributing immensely to its development. One of the pioneers is Gallegati (2005) who studied the co-movement relationship among five major MENA , the U.S 3 and Eurozone stock markets in a scale by scale basis through the Maximal Overlap Discrete Wavelet Transform (MODWT).
The wavelet correlation analysis showed that MENA stock markets are neither regionally nor internationally integrated. We can also cite Rua and Nunes (2009) U.S. They found that the japan stock market is poorly integrated with other developed financial markets and the relationship between stock markets varied with time scales.
Thereafter there was Graham and Nikkinen (2011) that showed that the co-movement of Finland and emerging regions stock markets was reduced to long-term fluctuations and co-movement between Finland and developed regions stock markets in Europe, Pacific, and North America was present across all frequencies, with higher levels of co-movement in higher frequencies. Graham and al. (2012) The results showed that Asian stock markets are highly integrated at low frequencies and comparatively less integrated at high frequencies. In the co-movement of 13 Asian, European and U.S stock markets returns, Loh (2013) analyzed stock markets returns using the wavelet coherence. Results shown the presence of co-movement between most of the AsiaPacific stock markets with Europe and the U.S in the long run. However the author noted that the co-movement between markets increased at period of financial crisis. Aloui and Hkiri (2014) in their works in GCC 5 emerging stock markets co-movement used wavelet squared coherence method, found frequent changes in the pattern of the co-movements especially after crisis beginning for all the selected GCC markets at relatively high frequencies and noted an increasing strength of dependence among the GCC stock markets during crisis.
Methodology
We favor a temporal and frequency analysis because it permits an study at different time scales of the relationship between financial markets. These wavelet methods used to investigate the integration between African financial markets allowing a simultaneous analysis of several variables correlation were proposed by Fernández-Macho (2012) . These methods use discrete wavelet and present themselves as follows.
Let X t , a multivariate stochastic process with X t = (x 1t , x 2t , . . . , x nt ) and W jt = (w 1jt , w 2jt , . . . , w njt ) their respective wavelet coefficients calculated by DWT The Wavelet Multiple Correlation (WMC)ϕ X (λ j ) is then calculated as
where P j correspond to the n × n correlation matrix of W jt and the maxdiag (.) operator permits to select the largest element in the diagonal of the argument. In the regression of z i on the rest of variables in the system, the R The (WMC)ϕ X (λ j ) is also described as
where the wavelet variances and covariance are given by
V ar(w ijt ) =δ
V ar(ŵ ijt ) =ξ
Here w ij on the set of regressors {w kj , k = i} leads to maximize coefficient of determination
ŵ ij is the fitted values of regression. The number of wavelet coefficients affected
by the boundary associated with a wavelet filter of length L and scale λ j is determined
is the number of coefficients unaffected
by the boundary conditions.
Lastly, allowing a lag τ between observed and fitted values of the variable selected as the criterion variable at each scale λ j we may also define the Wavelet Multiple
Cross-Correlation (WMCC).
The construction of confidence intervals supposes that X = (X 1 . . . X T ) is a realization of multivariate Gaussian stochastic process of (??) andW j =W j0 . . .W j,T −1 = {(w 1j0 . . .w njo ), . . . , (w 1j,T /2 j −1 )}, j = 1 . . . J, vectors of wavelet coefficients obtained by MODWT at J order to each univariate time series (x i1 . . . x iT ) for i = 1 . . . n.
Ifφ X,τ (λ j ) is the sample wavelet correlation obtained from (??) theñ
HereZ j = arctanh(φ X,τ (λ j )) and F N stands for folded normal distribution.
The confidence interval (CI) for the sample wavelet correlation coefficient is given as
Data and Empirical Results
Data is composed of the main indexes of the six largest stock markets in Africa in terms of capitalization, South Africa (TOP40), Egypt (EGX30), Morocco (MADEX), Nigeria (NSE), Kenya (NSE20) and WAEMU 8 area (BRVM10). We use daily data. Data sample covers the period from 3 January 2002 to 3 October 2012 (1877 observations). Note the presence of missing data at some time due to the lack of data on certain periods for some stock markets and to the mismatch of open days between different financial markets. All data were obtained from Bloomberg database. The stock markets returns were calculated as follow.
where R are the returns and P the closing prices.
Several summary statistics of stock markets returns are reported in All stock returns have a positive mean. EGX30 (Egypt) has the largest standard deviation while MADEX (Morocco) has the lowest. The majority of returns have a negative skewness. The analysis of stock returns kurtosis shows they are all leptokurtic.
The Jarque-Bera statistics for all series rejects strongly the null hypothesis of normality.
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To obtain Wavelet Multiple Correlation and Wavelet Multiple Cross-Correlation , we calculated the wavelet coefficients at different scales of time of our stock returns using the MODWT. We used MODWT rather than the DWT because it presents the most interesting features for analysis of data such as analyze any sample size, an invariance in the circular displacement of original series, a proper alignment of the events in the original time series with the characteristics of the multiresolution , an estimator more efficient of the wavelet variance and an ability to not be affected by the arrival of new information except for the last coefficients (Percival and Walden, 2000) . For the decomposition we use Daubechies least asymmetric (LA) wavelet filter of length 8 because it is one of the best and most used in wavelets theory (Percival and Walden, 2000) . Note that for MODWT, a specific choice of wavelet filter is not required. The maximum scales number of decomposition is log 2 (N ) with N , number of observations. Nonetheless the wavelet coefficients become too small to large scales, we decided to stop to J = 7 decompositions with seven wavelet details ( Table 2 analysis shows that the wavelet multiple correlation tends to grow steadily over time. The correlation between African financial markets is low to high and medium frequencies (small and medium scales) this is to say in the short term and medium term (Week, Fortnightly,. . ., Monthly to Quarterly) it ranges from 0.29 to 0.54.
The integration at these scales remains low. At low frequencies (large scales), the long term, the correlation is 0.60 for quarterly to bi-annual and 0.77 to biannual. This is representative of an integration beginning between the six major African stock market returns in the long run. The wavelet multiple cross-correlation also augments in time (Fig. 2) . EGX30 (Egypt) maximizes the multiple correlation against a linear combination of the rest of the stock markets returns for all levels (Frequencies) except for the level 1 (High Frequencies) where TOP40 (South Africa) maximizes that. All cross-correlations are not significantly different of zero for all levels and all leads and lags. At level 6, the cross-correlation is clearly significant except for positive lags (leads) between 12 and 22 days. We note a small asymmetry (negative skewness) at level 6 which means that EGX30 (Egypt) has a small tendency to statistically lags other African financial markets at this scale (quarterly to bi-annual).
Conclusion
This work applies two wavelet methods proposed by Fernández-Macho (2012) Correlation since it increases steadily over time.
We can conclude that despite the fact that it grows in time, the integration between the six African financial markets remains weak and offers the possibility of potential gains of diversification. However in the long term in view of the continuous increase in correlation between African stock markets, we can assume the possibility of a near-perfect integration between African stock markets in the coming years which could be an advantage in the development of regional economic policy.
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